Streptococcus pneumoniae is the major cause of pneumonia and other invasive diseases in children <5 years, especially in India associated with high mortality. Impact of pneumococcal conjugate vaccines (PCVs) is greatly affected by the geographical diversity of the serotypes. In addition, India-specific invasive pneumococcal disease (IPD) or pneumococcal serotype data are limited to certain regions raising major challenges in impact assessment. We discuss in present the available evidence and the impact expected from PCV rollout and the challenges involved in the assessment of the impact.
and PCV13 are equally immunogenic when given as 2p+1 and 3p+0 schedule for the common nine serotypes. PCV13 has additional advantage of serotype-specific protection in carriage as well as IPD for the non-PCV10 serotypes in PCV 13. Cross protection for IPD by PCV 10 is only for 6A but not for 19A and has no effect on carriage. In India, serotype 14, 1, 19F, 6B, 5, 23F, 9V, 19A and 6A constitute the major IPD serotypes in children [ Figure 1 ]. Therefore, PCV13 is presumed to give increased serotype coverage and better protection early at the 1 st year of life when given in 2+1 schedule.
In developing countries, optimum schedule is chosen that favours maximum protection in highest susceptible age group, combined with the routine vaccination schedule and with minimum doses to ensure maximum coverage and affordability. In India, the PCV schedule chosen is 2 primary doses and one booster at 9 th month to increase the protective immunity in the 1 st year of life because the target group for IPD with high mortality is children <2 years.
The additional advantage of the booster doses is reduction in the carriage which is important to reduce transmission (herd immunity). A new strategy targeting to enhance the herd immunity was initiated in Cuba: first, a single dose (0+1) of PCV is given to 1-5 years [4] and second, 1+1 schedule at infancy and 9 months takes care of the vulnerable Targets the vulnerable population VT: Vaccine type, *UIP: Universal immunization programme (followed in India), PPV: Pneumococcal polysaccharide vaccine population. This Cuban strategy is expected to decrease the number of doses without compromising the effectiveness in resource-poor settings. The outcome of this will help guide in decision-making for newer vaccines.
expected pneuMOcOccal cOnjugate vaccine iMpact in india
India and the three neighbouring countries in Asia were among the top four countries with the greatest number of pneumococcal deaths due to pneumococcal infection among children under 5 years. [5] Recently, modelled estimates for 2015 reported the national mortality rates in children aged 1-59 months as 56/100,000 for pneumococcal infection with highest numbers in Uttar Pradesh and Bihar and 1.6 million cases of severe pneumococcal disease, of which pneumococcal pneumonia accounts for more than 97%. [6] With increased evidences on high morbidity and mortality due to S. pneumoniae, combined with the high prevalence of PCV 13 serotypes in under-five children led to the introduction of PCV13 in five Indian states, namely Himachal Pradesh, Haryana, Uttar Pradesh, Madhya Pradesh and Bihar, in 2017.
'Impact' quantifies the reduction of target disease in the entire population after implementation of vaccination, and it is a combination of vaccine effectiveness, population coverage and herd effect. The indirect effect or herd effect is due to reduced transmission of the target disease in the community due to the vaccinated group in the population. The impact of PCV is measured using endpoints such as IPD, pneumonia, acute otitis media (AOM), nasopharyngeal (NP) carriage and mortality [7] in vaccinated and the unvaccinated group of all ages [ Figure 2 ]. Among these, IPD is the gold standard since it involves assessment of serotype specific effectiveness, serotype replacement and herd immunity. Proving pneumococcal aetiology of pneumonia and AOM is challenging due to difficulty in diagnosis. Therefore, pneumococcal carriage serves as a surrogate marker to determine vaccine impact because the absence of vaccine type (VT) serotype colonised in the NP carriage of vaccinated indicates the direct effect and the same in unvaccinated indicates herd immunity.
Effectiveness in children
Based on the cumulative serotype distribution inclusive of IBIS, BASIS, ASIP and PIDOPS [ Figure 1 ], PCV13 is expected to provide higher serotype coverage of 77% against the serotypes responsible for IPD in Indian children <5 years. [8] [9] [10] The non-vaccine serotypes causing IPD is around 20%-25% throughout the years. Recently, increasing penicillin resistance in meningeal isolates is a major concern in India. [11] 75% of the resistant serotypes were 14, 19F, 6B, 6A and 23F which are of PCV13 serotypes. Therefore, PCV13 is presumed to give increased serotype coverage and reduce antimicrobial resistance against IPD serotypes in India.
PCV13 is found to be highly beneficial for bacteraemic pneumonia with serotype coverage of 64%, whereas in non-bacteraemic pneumonia, the serotype coverage is only 34%. [12] An increased reduction of CAP due to PCV was also reported in children <5 years. Reduction in AOM caused by VT pneumococci results in increase of other AOM pathogens. However, there have been studies proving prevention of AOM by PCV13 serotypes [13] and those of showing overall reduction of AOM by 6%-7% with PCV7. [14, 15] As discussed above, based on the evidence from PCV impact studies in other countries, 2p+1 is superior to 3p+1 in reducing the colonisation of VT serotypes and the antibody production. The current IAP (Indian Academy of Pediatrics) guidelines consist of 3p+1 schedule, three primary doses at 6, 10 and 14 weeks followed by booster at 15 months. [16] Shifting to 2p+1 schedule, with booster at 9 months, will provide better protection. This also reduces the cost burden by decreasing the number of doses. As part of Tamil Nadu innovation initiatives (2018-2019) National Health Mission, Tamil Nadu has introduced administration of PCV13 to preterm very low birth weight babies discharged from special new born care units. This is to reduce the post neonatal mortality rate caused by pneumonia, which is currently 17%. [17, 18] In addition, catch-up vaccination can be given targeting the vaccine non-eligible (or non-cohort) children. Catch-up vaccination can be introduced along with new vaccination schedule so as to accelerate herd protection. Two catch-up doses at an interval of at least 2 months apart are recommended to children 12-24 months of age and 2-5 years of age at high risk for pneumococcal infection. Two doses are more immunogenic and produce higher response than single dose for serotypes 6B, 23F and for 19A when using PCV10.
Considerably, PCV13 with a single-dose catch-up schedule produces higher antibody response in children at 12-48 months of age, compared to PCV10. As an indirect effect of catch-up program, significant reduction in the VT carriage in the population was observed in the 2 nd year following vaccine introduction in Kenya. [19] 
Effectiveness in the elderly
Reduction in carriage of vaccine serotypes renders indirect effect or herd immunity in the elderly. PCV13 reduces carriage of serotypes 6A and 19A but PCV10 does not eliminate the colonisation. In addition, increase in the carriage of non-vaccine serotypes replacing the VTs is also observed. Studies in Belgium, Sweden and Norway observed increase in IPD due to non-vaccine serotypes in the elderly after PCV introduction. [20] [21] [22] Countries using PCV10 witnessed increase in IPD caused by 19A and 6C and countries using PCV13 reported increase in non-VTs excluding 6C because of cross protection for 6A by PCV10 and 6C by PCV13. Persistence of IPD by 4, 19F and 19A in elderly after initial reductions was seen in Germany without any herd protection for serotype 3. Thus, the expanding non-vaccine serotypes limit the effect of current vaccines against IPDs in the elderly.
In India, among the elderly, the most common serotypes are 3, 14, 19F, 7F, 8, 1, 6A, 19A, 4, 23F and 5 which are predominantly PCV13 serotypes. Thus, PCV13 is expected to provide 70% of serotype coverage of IPD serotypes in the elderly compared to PCV10 which is only 43%. [23] Surprisingly, PPSV23 provides only 3% increased serotype coverage than PCV13. Therefore, in the elderly (≥65 years), PCV13 provides long-term immunity and similar serotype coverage compared to PPV23 in India (PCV 13%-70% and PPV 23%-73%). All the elderly should be compulsorily vaccinated by PCV13. The current recommendation of ≥1-year time period between the two (PCV13 and PPV23) vaccines should be followed. Augmented response to PPSV23 is observed when it is administered following the initial administration of PCV13, [24] whereas there is a reduced response while administered vice versa. However, PPV23 is not good for herd immunity because of the following reasons: (1) it is less immunogenic, (2) it does not produce mucosal immunity, (3) it may induce hyporesponsiveness with repeat booster doses and (4) there is no effect on colonisation or carriage, and hence, it does not prevent community acquired or non-bacteraemic pneumonia.
effect Of upcOMing vaccineS with additiOnal SerOtypeS
Currently available vaccines do not cover more than 70%-80% IPD serotypes in all countries due to the geographical serotype diversity. Reduction in vaccine serotypes after vaccination has led to increase in non-vaccine serotypes (serotype replacement). Customising country-specific vaccines by including additional serotype (increasing the valency) is expensive and attaining similar immunogenicity for all serotypes is uncertain. Newer strategies such as removing the least prevalent serotypes from the existing vaccines and adding the important ones are under trials. [25] There are four next generation vaccines under development of which three are higher valency vaccines [ Table 3 ]. Serotype 3 is responsible for half of the 3% decreased coverage of new PCV10 compared to PCV13. However, there is no documented evidence for protection conferred by serotype 3. Therefore, the new PCV10 can be used at a cheaper price while attaining the percentage coverage similar to PCV13. In the adults and elderly, all the newer vaccine gives more or less the same coverage since the newer additional serotypes are present only few numbers in India. Hence, the modified 10 valent may be cost-effective and appropriate in Indian settings compared to the newer high-valent vaccines.
challengeS invOlved
Both pre-PCV and post-PCV surveillance strategies are associated with challenges. The main challenges are associated with IPD and impact assessment which are detailed in 
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